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(54) COMPUTER SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce power consumption without reducing the 
processing speed of an extended device by controlling the change timing of an 
interface signal. 

SOLUTION: A clock supply part sets up reference clock frequency lower than normal 
frequency and transmits the set clock frequency information 28 to an I/O bus 
controller 8. A timing information generation part 32 in the controller 8 recognizes 
current clock frequency from the inputted information 28, calculates timing 
information 29 for changing an interface signal by converting the information into 
clock frequency and transmits the information 29 to an interface signal generation 
part 31. The generation part 31 prepares an interface signal on the basis of the 
information 29 and accesses an extended device, e.g. KBCont. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the computing system which controls data transfer to the extended 
device connected to the I/O bus based on the clock signal used as criteria, while 
supplying the frequency to each part in a system free [ adjustable ], said clock signal 
A clock supply means to output the frequency information on said clock signal, and a 
timing information generating means to change the timing information for counting 
said clock signal according to the frequency information outputted from said clock 
supply means. The computing system characterized by providing a means to count 
the clock signal supplied from said clock supply means based on the timing 
information which changed with said timing information generating means, and to 
generate the interface signal to said I/O bus. 

[Claim 2] In the computing system which controls data transfer to the extended 
device connected to the I/O bus based on the clock signal used as criteria While 
issuing the directions to which a clock signal is changed to a clock supply means to 
supply the frequency for said clock signal to each part in a system free [ adjustable ], 
and said clock supply means The control means which outputs the frequency 
information on said clock signal, and a timing information generating means to change 
the timing information for counting said clock signal according to the frequency 
information outputted from said control means. The computing system characterized 
by providing a means to count the clock signal supplied from said clock supply means 
based on the timing information which changed with said timing information generating 
means, and to generate the interface signal to said I/O bus. 

[Claim 3] It is the computing system characterized by providing the timing information 
generating section which generates the timing information for counting said clock 
signal according to the frequency information held by frequency information 
maintenance means to hold the frequency information to which said timing information 
generating means was outputted from said control means in the computing system 
according to claim 2, and said frequency information maintenance means. 



[Claim 4] In the computing system which controls data transfer to the extended 
device connected to the I/O bus based on the clock signal used as criteria While 
issuing the directions to which a clock signal is changed to a clock supply means to 
supply the frequency for said clock signal to each part in a system free [ adjustable ], 
and said clock supply means The control means which outputs the timing information 
for counting said clock signal according to the frequency information on said clock 
signal, The computing system characterized by providing a means to count the clock 
signal supplied from said clock supply means based on the timing information 
outputted from said control means, and to generate the interface signal to said I/O 
bus. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the computing system which controls 
the data transmission rate of asynchronous buses, such as an ISA Bus, based on a 
reference clock. 
[0002] 

[Description of the Prior Art] From the former, although power-saving is advanced 
with the miniaturization, when a computing system, for example, a personal computer 
etc., makes a personal computer a power-saving condition, in order that the 
processing speed to an extended device may also fall, an improvement is desired. 
[0003] The input-output-interface-control section, for example, an I/O bus controller 
etc., is prepared in the conventional computer system. In this I/O bus controller, if 
the frequency of a basic clock is made low, the whole equipment can be changed into 
a power-saving condition. However, the change timing of an interface signal will 
become large in this case, and the processing speed to an extended device will fall 
substantially. 

[0004] Here, the reason is explained with reference to drawing 6 and drawing 7 . 
Drawing showing the data write-in actuation to the extended device at the time of the 
normal operation of the I/O bus controller of the former [ drawing 6 ] and drawing 7 
are drawings showing the data write-in actuation to the extended device at the time 
of power saving. 

[0005] In drawing 6 , CLK is a clock signal. CS# is a selection signal. 
[0006] An extended device will recognize being accessed, if this signal is set to L 
level. WR# is a write strobe signal. If this signal is set to L level, an extended device 
will recognize that it is write-in actuation, and will input the value of a data signal. 



DATA is a data signal. 

[0007] Moreover, time amount T10 is time amount after CS# falls to L level until WR# 
falls to L level. Time amount T20 shows the time amount from which WR# has L level. 
Time amount T30 shows time amount after WR# starts on H level until CS# starts on 
H level. 

[0008] The hour entry which shows the change timing of the interface signal doubled 
with change of the frequency information on a clock signal is called timing information. 
Timing information here is T10, T20, and T30, and if it converts into the number of 
clocks to count, it will be set to (2), (4), and (1), respectively. 

[0009] Thus, in the conventional I/O bus controller which operates, if the frequency 
of a basic clock is set to usual 1/2 in order to reduce power consumption, since the 
power for making a basic clock will end few, power consumption can be reduced as 
the whole computing system, however, the part from which the clock frequency fell 
also in the timing of each data processing since the timing information T1 1, T21, and 
T31 converted into the number of clocks was also the set point (2) as it is, (4), and 
(1) as shown in drawing 7 — it becomes late and the processing speed to an 
extended device falls substantially. 
[0010] 

[Problem(s) to be Solved by the Invention] This invention is for solving such a 
technical problem, and it aims at offering the computing system which can reduce 
power consumption, without reducing the processing speed to an extended device. 
[0011] 

[Means for Solving the Problem] In order to attain the object mentioned above, the 
computing system of invention according to claim 1 In the computing system which 
controls data transfer to the extended device connected to the I/O bus based on the 
clock signal used as criteria, while supplying the frequency to each part in a system 
free [ adjustable ], said clock signal A clock supply means to output the frequency 
information on said clock signal, and a timing information generating means to change 
the timing information for counting said clock signal according to the frequency 
information outputted from said clock supply means. It is characterized by providing a 
means to count the clock signal supplied from said clock supply means based on the 
timing information which changed with said timing information generating means, and 
to generate the interface signal to said I/O bus. 

[0012] In the computer system which controls data transfer to the extended device 
connected to the I/O bus based on the clock signal with which the computer system 
of invention according to claim 2 serves as criteria While issuing the directions to 
which a clock signal is changed to a clock supply means to supply the frequency for 

said clock signal to each part in a system free [ adjustable ], and said clock supply 
means The control means which outputs the frequency information on said clock 
signal, and a timing information generating means to change the timing information for 
counting said clock signal according to the frequency information outputted from said 



control means, It is characterized by providing a means to count the clock signal 
supplied from said clock supply means based on the timing information which changed 
with said timing information generating means, and to generate the interface signal to 
said I/O bus. 

[0013] In the computing system according to claim 2, as for the computing system of 
invention according to claim 3, said timing information generating means is 
characterized by providing a frequency information maintenance means to hold the 
frequency information outputted from said control means, and the timing information 
generating section which generates the timing information for counting said clock 
signal according to the frequency information held by said frequency information 
maintenance means. 

[0014] In the computer system which controls data transfer to the extended device 
connected to the I/O bus based on the clock signal with which the computer system 
of invention according to claim 4 serves as criteria While issuing the directions to 
which a clock signal is changed to a clock supply means to supply the frequency for 
said clock signal to each part in a system free [ adjustable ], and said clock supply 
means The control means which outputs the timing information for counting said 
clock signal according to the frequency information on said clock signal, It is 
characterized by providing a means to count the clock signal supplied from said clock 
supply means based on the timing information outputted from said control means, and 
to generate the interface signal to said I/O bus. 

[0015] According to change of the frequency information on a basic clock, adjustable 
[ of the change timing of an interface signal ] is carried out, and the data transfer rate 
of asynchronous buses, such as an ISA Bus connected to the extended device, for 
example, a keyboard controller, is controlled by this invention. 
[0016] That is, it can change to a power-saving condition from a normal operating 
state, and the frequency of a basic clock can reduce power consumption, without 
reducing the data transfer rate to an extended device, since it also makes counted 
value of a basic clock small in the form doubled with it when change, for example, a 
frequency, is made low. 
[0017] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is 
explained to a detail with reference to a drawing. Drawing showing outline 
configurations, such as the computing system of the 1st operation gestalt which 
drawing 1 requires for this invention, for example, a personal computer etc., (a 
personal computer is called below), and drawing 2 are drawings showing the important 
section configuration of this computing system. 

[0018] This computer system is a bus controller 1, the display controller 2, a graphics 
accelerator 3, the USB host controller 4. the VRAM controller 5, the PCMCIA 
controller 6, and Smart. The Media controller 7, the I/O bus controller 8, As the 
register interface bus 9, the VRAM interface bus 10, the clock controller 11, the 



interruption controller 12, a system memory 20, and a control means It has the ** 
processor 21, the power control circuit 22, ROM23 and VRAM24, the keyboard 
controller 25 (KBCont.25 are called below), etc. 

[0019] A bus controller 1, the display controller 2, a graphics accelerator 3, the USB 
host controller 4, the VRAM controller 5, the PCMCIA controller 6, Smart As a device 
controller 100, inside one IC chip, each module mounting is carried out and the Media 
controller 7. the I/O bus interface controller 8 (the I/O bus controller 8 is called 
below), the register interface bus 9, the VRAM interface bus 10, the clock controller 
11, the interruption controller 12, etc. are formed into 1 chip. 
[0020] A bus controller 1 changes a system bus into an internal bus. The display 
controller 2 performs control for displaying on the LCD panel or CRT. A graphics 
accelerator 3 improves a display speed. The USB host controller 4 controls the 
connected USB device. The VRAM controller 5 controls VRAM24. The PCMCIA 
controller 6 controls the connected card device. The SmartMedia controller 7 
controls the connected flash memory. The I/O bus controller 8 performs control of 
KBCont.25 and the extended device connected in addition to this. The register 
interface bus 9 is an internal bus used for internal register access etc. That is, the 
register interface bus 9 is used for the data transmission between the registers of 
each module connected inside the device controller 100. The VRAM interface bus 10 
is a bus which connects the device which accesses VRAM24. The clock controller 1 1 
performs control of the clock source or the clock gate. For example, the clock signal 
CLK supplied from the clock feed zone 26 is supplied to each module in a device 
controller 100. Moreover, the supplied clock signal CLK is changed into clock signal 
CLK' for I/O bus controller 8, and it transmits to the I/O bus controller 8. The 
interruption controller 12 performs discernment and control of effective/invalid for an 
interruption factor. The interruption controller 12 controls the interrupt signal from a 
keyboard etc. The DRAM system memory 20 memorizes the various programs and 
constant datas of procedure including a program concerning employment of this 
equipment. Based on the program stored in the DRAM system memory 20, a 
processor 21 performs overall control of this equipment, and performs data 
processing to various kinds of data inputted from a keyboard etc. The power control 
circuit 22 controls system-wide supply voltage. MROM23 stores the application 
program for raising the utilization effectiveness of an interface. VRAM24 memorizes 
the various data displayed on a display device by the bitmapped image. KBCont.25 are 
one of the extended devices, code the key information inputted from the keyboard, 
and transmit it to the I/O bus controller 8. The clock feed zone 26 controls the 
frequency of a clock signal by the instruction of a processor 21. Moreover, while 
inputting a clock signal CLK into the clock controller 11, the frequency information 28 
on a clock signal CLK (clock frequency information) is inputted to the I/O bus 
controller 8. I/O bus 27 is a bus which transmits an interface signal between the I/O- 
bus interface controller 8 and KBCont.25 which are an extended device. 



[0021] As shown in drawing 2 , the I/O bus controller 8 has the interface signal 
generator 31 and the timing information generating section 32. The interface signal 
generator 31 changes directions of the carrier beam processor 21 into an interface 
signal through the register interface bus 9, and is accessed with KBCont.25 through 
I/O bus 27. The timing information generating section 32 computes the timing 
information to which an interface signal is changed based on the frequency 
information on the clock signal inputted from the clock feed zone 26, and transmits it 
to the interface signal generator 31. In addition, how to carry out the multiplication of 
the scale factor of the clock frequency at that time to the timing value at the time of 
the usual clock frequency as the calculation approach of timing information, and 
revalue for an integer can be considered. However, as long as it is the timing to be 
able to KBCont.operate, other approaches [ approach / of timing information / 
calculation ] may be used. 

[0022] Next, with reference to drawing 3 , actuation of the computing system of this 
1st operation gestalt is explained. 

[0023] If a system-wide throughput becomes less, in order to cut down power 
consumption, a processor 21 will centre! the clock feed zone 26 to make a clock 
frequency lower than the usual frequency. 

[0024] The clock feed zone 26 is controlled by the processor 21, and the clock 
frequency information 28 which shows that a current clock frequency is usual 1/2 is 
transmitted to the I/O bus controller 8 at the same time it is lower than the usual 
frequency in a frequency, for example, it sets to 1/2 etc. the basic clock CLK used as 
the criteria on which a device controller 100 operates and it supplies the clock 
controller 1 1. This clock frequency information 28 is inputted into the timing 
information generating section 32 in the I/O bus controller 8. 
[0025] If the clock frequency information 28 is inputted into the timing information 
generating section 32, the timing information 29 over the frequency of clock CLK' into 
which the timing information generating section 32 has recognized that a current 
clock frequency is usual 1/2, and it was inputted from the clock frequency 
information 28 will be computed. For example, the timing information generating 
section 32 computes the set point for counting clock CLK' with the value, 1, 2, and 1, 
of the usual one half, and tells this timing information 29 to the interface signal 
generator 31 in the I/O bus controller 8. [ i.e., ] The interface signal generator 31 
makes an interface signal based on the inputted timing information 29, and accesses 
KBCont.25 through I/O bus 27. 

[0026] Drawing 3 is drawing showing the interface signal when lowering a clock 
frequency to usual 1/2. 

[0027] In this drawing, CLK' is a clock signal inputted from the clock controller 11. 
CS# is a selection signal. 

[0028] KBCont.25 which are an extended device will recognize being accessed, if this 
selection-signal CS# is set to L level. WR# is a write strobe signal. If this write strobe 



signal WR# is set to L level, KBCont.25 will recognize that it is write-in actuation, and 
will input the value of a data signal. DATA is a data signal. 

[0029] Moreover, T12 is time amount after selection-signal CS# falls to L level until 
write strobe signal WR# falls to L level. T22 shows the time amount from which write 
strobe signal WR# has L level. T32 shows time amount after write strobe signal WR# 
starts on H level until selection-signal CS# starts on H level. 

[0030] The hour entry which shows the change timing of the interface signal doubled 
with change of clock signal CLK', i.e., change of the clock frequency information 28, is 
timing information 29. Here, this timing information 29 is T12, T22, and T32, and if it 
converts into the number of clocks to count, it will be set to (1), (2), and (1), 
respectively. 

[0031] When it is [ at the time ] low to about 1/2 and the frequency of the basic 
clock CLK of the whole system is usually carried out, as it is shown in drawing 3 , as 
for clock signal CLK' inputted into the I/O bus controller 8, the period Tck doubles 

(Tckx2). 

[0032] With this operation gestalt, in the I/O bus controller 8, the value of the timing 
information 29 for counting clock signal CLK' to compensate for change of clock 
signal CLK' and the change timing of the interface signal outputted from the I/O bus 
controller 8 since it is made small will become small, and the processing speed to 
KBCont.25 will not be different from before power saving. 
[0033] Thus, according to the computer system of this 1 st operation gestalt, 
adjustable [ of the value of the timing information 29 for counting clock signal CLK' to 
compensate for change of clock signal CLK' from the clock controller 1 1 ] is carried 
out to the I/O bus controller 8 by having formed the timing information generating 
section 32. For example, when it is 1/2 of the usual clock frequency, the change 
timing of the interface signal outputted from the I/O bus controller 8 will also become 
small, and the processing speed to KBCont.25 will not change it to 1/2 to before 
power saving. 

[0034] Thereby, power consumption can be reduced, without reducing the processing 
speed to KBCont.25 (extended device). 

[0035] Next, the computing system of the 2nd operation gestalt which starts this 
invention with reference to drawing 4 is explained. Drawing 4 is drawing showing the 
I/O bus controller 48 of the computer system of the 2nd operation gestalt of this 
invention. 

[0036] As shown in this drawing, this I/O bus controller 48 has the interface signal 
generator 31, the timing information generating section 32, and a register 33. 
[0037] In this case, the clock frequency information 28 is inputted into the interface 
signal generator 31 and a register 33 through an internal bus 9 from a processor 21. 
Therefore, the timing information generating section 32 will read the clock frequency 
information 28 set as the register 33 in this case. 

[0038] In the case of the computer system of this 2nd operation gestalt, the clock 



frequency information 28 is set as the register 33 in tfie I/O bus controller 48 through 
an internal bus 9 from a processor 21. The timing information generating section 32 
reads the clock frequency information 28 set as the register 33, generates timing 
information 29, and outputs it to the interface signal generator 31. 
[0039] Thus, since it is not necessary to output the clock frequency information 28 
from the clock feed zone 26 while the same effectiveness as the above-mentioned 
1st operation gestalt is acquired, since according to the computer system of this 2nd 
operation gestalt the clock frequency information 28 from a processor 21 is set as a 
register 33, the timing information generating section 32 reads the clock frequency 
information 28 on this register 33 and timing information 29 is generated, this 
invention is realizable after considering the clock feed zone 26 as a comparatively 
simple configuration. 

[0040] Next, the computing system of the 3rd operation gestalt which starts this 
invention with reference to drawing 5 is explained. Drawing 5 is drawing showing the 
I/O bus controller 58 of the computer system of the 3rd operation gestalt of this 
invention. 

[0041] This 3rd operation gestalt is the example which built in the timing information 
register 34 instead of the timing information generating section 32 of the above- 
mentioned 1 st and 2nd operation gestalt. 

[0042] As shown in this drawing, this I/O bus controller 58 consists of only an 
interface signal generator 31 and a timing information register 34. 
[0043] This example is an example using the calculation function by the side of a 
processor 21. That is, since processor 21 self usually directs modification of a clock 
frequency to the clock feed zone 26 when making the whole equipment into a power- 
saving condition, the processor 21 knows the value of the clock frequency information 
to change. Then, the interface signal generator 31 reads each timing information 28 
which the processor 21 computed each timing information 28 based on the value of 
clock frequency information in this case, held this computed timing information 28 to 
the timing information register 34 of the I/O bus controller 58 through the internal 
bus 9, and was held at this timing information register 34, and an interface signal is 
generated. 

[0044] By doing in this way, according to the computer system of this 3rd operation 
gestalt, while the same effectiveness as the above-mentioned 1 st operation gestalt is 
acquired, the configuration of the I/O bus controller 58 can be simplified. 
[0045] In addition, it is not limited only to each above-mentioned operation gestalt. 
[0046] Although the above-mentioned operation gestalt showed the example which 
formed the clock feed zone 26 in the exterior of a device controller 100, the clock 
feed zone 26 may be arranged that is, built in the interior of the I/O bus controller 8. 
[0047] Moreover, memory, such as FP-DRAM and SRAM, is connected to the I/O bus 
controller 8, and the same effectiveness can be acquired even if it makes it operate 
the I/O bus controller 8 as a memory controller. 



[0048] Furthermore, by giving the function to stop the clock to the applicable section 

to it, while the I/O bus controller 8 is not operating for the clock controller 1 1 , when 

a clock is lowered, the number of clocks needed while the I/O bus controller 8 

operates can be reduced (when it is made to change). 

[0049] Thereby, system-wide power consumption can be reduced. 

[0050] 

[Effect of the Invention] As it ****(ed) above, according to this invention, according 
to change of the frequency information on a basic clock, adjustable [ of the change 
timing of an interface signal ] is carried out, and the data transfer rate of the 
extended device connected to the I/O bus is controlled. 

[0051] The frequency of a basic clock can sometimes reduce power consumption by 
following, for example, changing the whole system from a normal operating state to a 
power-saving condition, without reducing the data transfer rate to an extended device, 
since it also makes counted value of a basic clock small in the form doubled with it 
when change, for example, a frequency, is made low. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the whole computing system configuration concerning 
this invention. 

[Drawing 2] Drawing showing the internal configuration of the I/O bus controller of 
the computer system of the 1 st operation gestalt. 

[Drawing 3] The timing chart of each signal when operating the computing system of 
the 1 St operation gestalt with one half of usual clock frequencies. 
[Drawing 4] Drawing showing the internal configuration of the I/O bus controller of 
the 2nd operation gestalt. 

[Drawing 5] Drawing showing the internal configuration of the I/O bus controller of 
the 3rd operation gestalt. 

[Drawing 6] The timing chart of each signal when operating the conventional computer 
system with the usual clock frequency. 

[Drawing 7] The timing chart of each signal when operating the conventional 

computing system with one half of usual clock frequencies. 
[Description of Notations] 

100 [ ~ A clock controller, 20 / — DRAM, 21 / ~ A processor, 25 / ~ KBGont. 
(extended device) 26 / — Clock feed zone. ] — A device controller, 1 — A bus 
controller, 8 — An I/O-bus interface controller (I/O bus controller), 1 1 
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IK T 2 1 > T 3 1 t,^-<D$^©iS^fil (2) . 

(4), {^) Z'&itctb. ^T'-'fVmco^-f^xf 

[0 0 1 0] 
[0 0 1 1 ] 

[SS^)K;*-r5/c46(7D#S] ±JjEL/cgW^Jifi£-r5 
<t^:5^'P-y^7fi^lcS^X^T 1/ 0/UlC««jT!ftirc 

^ P -y aj;^i*n/c)S;SSf1f JBlc^^^^T 

Hu IB p 7 ft ^ ^ * -^7 > h -r 5 fc 46(7) -r 5 > -^ttii 

^S1k5--tt^^^ = >^'1t$85l£#S<!:. HufB^-r-y 

HuiB^ p 7 ^^tt^ig^isft^e'ftt!^? tx/c^ p 'y <7m^^ti 

■^VhLTlulBI/ 0/U'sro'r>'S»-7i-Xft^t^ 
[0 0 12] BS*]S2fBtt©56W©f1-|WS|->XxA«. 

S2^|<»:S5^'p•>^7fl|^^cs:5^,^T I / 

->Xxi.lcfcL^T. BU§B<7 P -y <7m^^'i:(0mmm^^ 

t. HulB'? p 7 "pm^^mzti LT^ p -y -^'^i^^^^b 
^^^•*^g.^^^^lJ-r<t:^^^c. MSB'^P'^^ii^oji^iiiti 

+i/'c^p-y<7(i^^*'» hLTHuIB I / oa;^'\(D-i' 

[0 0 13] ii5RJl3!Btl605gB^<;3ltS«v/X5^/.«lt 
^RJI2iBK(^it»«|->XxAlcfcL^T. B^HB^-i-S-y?" 

$8^«*#-r^Jll;JS3StlfBffi*t^Ki:. HuiaMl>iSIStl$8« 
J##|glcd; *i/cJS;iSiStlfSlc-&^D-yTHufB^ P 

'>'?ffi^^*'i'> hTSfcairo^-rS V'?'tf$lii«5S^■r 



[0 0 14] nmmAimcDmmmmwyx^hit. 
nrzHta^T'/ u T.iznLTy'-^ ^^^mmtmnm 

->X7^/*lctJlNT^ S5!B^7P -y -Xl^^^-OJMI^^* pT 
S gSlC->XxArt©«8l5lC«!|^-r«^7 P -y •5'«*S#lft 
<!:> S5S3^'P-y5'«*S#l9;lc>i*LT^'P'y'?ffl^^S^k 

t^ii^n^^^mttrnz. HuiB^p 'y '7m^(Dm=&m 
miz^h^tTmi'7a-y<7m^^tioy h-r^/c46cD'5? 
-< ~y<7-m^iiitit^%m^^t. BuiBsyffli#©fr6 
ai:^;*nfc^ -r = v^tt se^stcMiB^ p -y <7im^m 

frbtt^giJrti/c^P'y '?ffl^^;^]'5> h LTaulB I / O 
[0 0 15] *5g0^7li. m:$i':7n'y<7(Dm:&^'!tm<D 

mtizss^ UT-r >^-7 1 -;^ffl^(DS>^b^ -r s > 
Rrs**i. ffisix/^-rx. m«+-*-Kzi>hp- 

[0 0 16] 3I^C0iJ!i1^tt«6^6Sl^«!g 
ICjb^toU. S*':7p.y'>OMl;^^if6^S<b. ffJ^lfJUfiElif 

*Ma< ititcm-^. ^nic-&*3i+sRjTg*^ p 'y -^^c^ 

- -Sf IShIjS^^S.!: * ■r'lc-;B§ffi:^l ^16M-r ^ ^ i: A^T 
[0 0 17] 

asJKffi<oti-»«i->xx^s ■(5lJx.^^/^°-y:^;^avfc^IL- 

(WT/'?y=i><!:»-r) Si:©«lS«Sfi)6%/Tr-ria. El 
2 ttc:©JtIH»->Xx^fl)£Hl5«Sfi)6*/T^-riilT'$So 

[0 0 18] C;(D8+»iK|->XxAtt/Un>hP-7 
1x a5^=l>hP-5 2. ';^'57'r y';7X7':7-t:^U- 
^3. USB*XhP>hP-^4. VRAMUVhP 
-55. PCMC I A=l> hP-56. Smart M 
ed i aIl>hP-57. I /OM'7.=l> 
Uv''X'5''r>^7i-X/\'X9. VRAM'r>'5!7i- 
X/UIO, 'i'p.y'^ziv hP-7 1 K SiJ'Jii^^V 
hP-51 2. iyXT'L^^'JlO. %m^^tLT(0 
ya-b-yVl-i. S»WlHlK2 2. ROM 2 3. VR 
AM 2 4. +-#-K=I>hP-7 2 5 (J-XTKBCon 
t. 2 5tm^t) Sif^SLTL^^o 

[0 0 19] /^X=l>hP-5K ^/X^nVhP-^ 
2. ^^■57-f •y^;^7'>-fe5U-^3. USB*Xha 
>hP-54. VRAM3>hP-55. PCMCIA 
P> HP— 76. Sma r t MediaPVKP-^ 
7. I /OAX'r>:?-7x-X=l> hP-58 (WT 

I /0/^'XP> hP-5 8<!:^*-r) . Uv>~X'5!'r>^7 
i-7./U9v VRAM'f>^7x-7./^"7.1 Ov -J'P 
•y^'UVf-P-^l 1. |ijy5A*^3>hP-51 2r5:i:" 
lix/KX=lVl>P-51 OOtLTIoc^l C^-y7 



(4) 
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[0 0 2 0] ;Ua> 1 «->XxZ*/U^rtgP 

/\xics»-r^o m^sZi > h p-^ 2 w L c D/\°t^;nf> 

C R Tlcamr5/i:46<0*iJ»«ff-5„ 7<7X7 

^'■b^ u— 51 3 (iS.Tvii)t*«s-r«o u s B*:^ h □ 

VhP— 74tt«iiSL/i:USBryKX^SiJWr5o V 
RAMllVhP-75liVRAM24^$iJ{BI-r2.o PC 

Mc I Az\y\'n-5 6i,mmLrcti-^TJUxm\ 

W=&^t3o Sma r tMed i a =1> hn-5 7(i}g«! 
P-7 8(*KBCont. 2 S-^-^OJffiS^Lfcffi^ixVW 

U->'X^'rv^7x-7./U9(ix/<'rx=IVhP-5 
1 0 0Ol^g|5T'«i^*nfcS^ya-;l/<0Uv'X^P5<7) 
7^— 5^e2S^Cffll,^6tl5„ VRAM'rv^'71-X/^X 
1 0(*VRAM2 4^7^-trX-r5x/KX5Jgi^-r« 

/UT-Silo -?P7':7l]> f-P-5 1 KJ^P-y-^V- 

x-\b/7p.y/7y- h(D^y®^^^3, ^mi'^ay^im 

gC2 6 6^6tti|g?tl/c^P';/'>fS^C L K^x/^YXZl 
>hP-5 1 0 OF^c^St-^'a-yHCI^Sg-r^o $fc^ 
1«*g?n/c^P';/'>«-^CLK^I/0/\"X=l>h-P- 

hP-7 8tcS^I-r^„ |iJUi2s,^=l>hP-7l 2li|iJ 

pv hp-5 1 2ii«ij^«+-'it~- mt-^'bowr^^ 

m^^Um^. DRAM->XxZx^t'J2 0(i*g11 

©JiffllcflS*SQS#)iio:^p li UttirtS^a 
TTP^^^A-^^^r-^f^SBISrSo yu■\l'V^2^\t 
D R AM->X7^IkP«^ 'J 2 OlC^Sltft^tl/t^P^/'^AlC 

So S»Jffl![5lK2 2(i->XxA^ft:(Dl;SlE^$y«8I 
-ri)o MROM2 3li'r>'5?7i-X©WfflSa)$$-S46 

s/c46<D77'i;':r-i/3>7^p':^'7A=&itsirt-r5o vr 

A M 2 4 ki' h ^ 7 -r P< - v>'Ta/Xvx/ U Z ^ca,T^ 

■rssax— ?^sBii-r*o KBCont. is^tm^^i^ 

^P-K<bLT l/0/UP>hP-58lce2ir«„ 

^'p-j''?«*&g|52 6^i7p■b•>t^2 i (ofs^T'^pu'v^ 
fi^roja^a^MfflfSo s/t. -^p-y^^zivhp-^ 

X P > h P - 7 8 IC5* LT P '^^ff L K WJSjfiii 
tf$6 (^P'y^Ja;fi3S1f?B) 28^A;^|-rSo \/0i\ 
7.27 \t\ /oy^x-rv-J^^i-xav hP-7 8<!:fiS 
^ir/^'-rXT^SK BCont. 2 5 ta:>f^T-<y'^z' n- 

[0 0 2 1 ] E12tC^rv-rJ;-5tc. l/O/^'XPVhP- 

58^SI53 2**LTl<^-5o 'T V^'7i-Xfll^S^^S|53 



1 tiUv'X^'r>'S'7i-X/\'X9^iiiL;T§ttfc7P 
-tr-v*t2 1 OJim^'rV'>7i-X«^lc2ftLT I / 
0/\"X2 7^^>LTKBCont. 2 5i7^^rX■r«„ 

-rsv-j^ifam^gps 2(*^7p-y^<ft*&g52 ets^SAti 

Lft^^n-y^^ft^W/SJSaifiJlcS^L^T. 'TV'S' 7 1 
7x-X1I^5gig|5 3 1 icGJS-rSo ^fc. -J^-TcV^' 

nL^mc^v±i,fii5}im?LSti^o Lt-^u kb 
cont. 2 5ti^g)^^prtg%^"r = v^"T'Sni*\ ^-rsv 

[0 0 2 2] E]3^#B5LTiI©Mll|]5S?f?te£0 

[0 0 2 3] ->7.5^I^^#roSlia«A<;lES<!:, >gf!l:^ 
*!)S6-rrc46lc:fp-tr-y+l-2 1 {i<;n'y<7mm^m^ 

[0 0 2 4] '?P'y^7«*Sg|52 6l*7"P-t:'y+t2 1 tC*y 

iP^nr. 7='/Kxpvhp-7i oo6^S)fp-rss2i 

Ufi< . 2 1 ^<t:lc LT'? P 'y ^ P > h P- 

^0 25J<D1 T$SiI<!:^/7^-r':7p.y^)i;;SS$1f$82 8 
^ I /OA'XPV hP-5 8lceilS"rSo dtO-^P y-? 
ia»»1f«[2 8« l/0/UP>hP-7 8|?glC$S^ 
'rS>^1S«i56^SP3 2lCA^3-tl«„ 

[0 0 2 5] <7ay^mmiA^m8iif'^-fzy<f^m 

5^^953 2 (cA:^?ti5<»:. ■5'-l'5>'?-1tl?B5g*SI5 3 2 
□ -y ■?S-»»1tS«! 2 8 P -y <7m}mt^ 
ji^02^(Dl7«5s:<i:*sg|$U A^^nfc-^p y 

':7CLK' (7);g>g?iiiC)t>frs^'r5>-?'tffB2 9^wtii 

t^o m?L^i^ ■< 5 V^'1f $B5gSSP 3 2 1* P 'y C L 

$»JK 2. ^tmiiiL. J^O^Y = >'?'tf$g2 9^ I 
/ O / ^' X P > h P - 5 8 1*1 1 C S -< > 7 1 - 7. ffl^ ?g 
^g|53 1 ice^lSo -f >'S'7i-Xffl^5g^gP3 1 (iA 

:^ ? tifc -T 5 V ^^1f ?fi 2 9 «Sic -r V 7 1 - Xfi^ 

*f^y. l/0/<X2 7*iiL:TKBCont. 2 5lC7<7 

[0 0 2 6] 113li^7p.y-?jgift»*ii^iD2»<D1lC 

[0 0 2 7] ISHaicfclNT. CLK' li-5'P'y •J'PV h 
P-7l 1 )b^eA:':*tiS<'P-y'>fi^TJ6«o CS# 

[0 0 2 8] tt?ix/U7T*S)K BCont. 2 5lii:c0 

ict^i&mt^. wR#(i5'r hxhp-:'yi^T-$ 

KBCont. 2 5liC©-5'r hXhP-:?{i^WR# 



(5) 
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[0 0 2 9] $/c. T 1 2tiS»?fB^CS#6''Lb^yU 
iCifSTft^o T)b^6 ^'T h X h □ - 7ffl*W R # 6^ L U 

-To T3 2(i5'r h7.h□-:?'fll^^WR#6'^H^'^;^^c 
ji-6±6<oTA^eiiJ/?ii^c s #/)'iH L/'N:;nciE^±*^ 

[0 0 3 0] <7a'y<7m^CLK' (D^it. tlit)^"? 

2 9TS^„ C^7l*c:(7)^^5>'?'1f$82 9A'!T1 
2. T22. tllpy \'in^<Pn-y<7m. 

izwtm^t. "tn^ti {^) . (2). (1) is 

[00 3 1] ->Xx/»^#OS*^7p.y^7CLK<7)ja5fi 

m^^(D2^(D-\&mm<Lrcm-^. msicm 

•y-^^l^CLK' 1*^(7)111837 c k*^21g (T c k X 
2) [C^^So 

[0 0 3 2] l/0/U=l>hP-5 

□ •y^'fl^CLK' ^tj'yyht^tcisbcD^^^y^;'^ 
$g2 9a3filt'J^^<^t^i.cDT\ i/o/<x=]>hn- 
7 8 6^ 6 ai:^ tii. -r > 7 1 - xfl^cos^b^ -r s V 

'^'t./jN^ KBCont. 2 5 tcWf^ftlSjSJStt* 

[0 0 3 3] coii:^Kz<Ji^s^mmB1&mmm^y7. 

T^/xlci+ilf. i/0/\"Xzi>hn-5 8tc$'r5vy 
tl$fi?e^SP3 2^I9tt/i:2:iT\ '>P->'?ZI> 

1 l6^b(73':7p.:/<?<t^CLK' CDS<ktc^to-^T'>P 

2 9(7)1it,RjS?n^„ 19J^«ii^(7)^P'>->S-S?»<D 
2 5^(D1 TSo/cJi^s I /0/\'7.=l> hP-58A^e. 
aj;^)?n^ Y > ^ 7 X - Xfi^cDSIk^ 1- = > ^"t 2 5^ 
CD1 lC/Jx?<:^U. KBCont. 2 5 icWfiiiiQgiiJtli 

[0 0 3 4] CtVlC^ty. KBCont. 2 5 (St^gx/U 

[0 0 3 5] ;WC. 04^#BgLT*5IRSlCffiSII2© 

5eB^<7)m2||]5gffJ»|c7)I+»«|->X7^A© I /O/UHV 

hP-7 4 8^/T^f l21TSi.o 

[0 0 3 6] IB10lCifx"r<l;5lC. CCD I /o/U=i>h 
P-^4 8(i'r'>'5?7i-7.^i^§g^gB3 K ^-TSV 
^tSaiflSgPS 2Sl>Uv'7.^ 3 3^^LTl^.5o 

[0 0 3 7] C©^^. 'r>-J'7x-Xfi^5l^g|53 1 



Jii:T'?P->'J'J3jfilK1fiil2 8 6'iA:^?tl*„ L/c/)^-^ 
T. c:a)Jg^. •S''r5>'?-1f$Bfg^gP3 2(iUv'X'?3 
3l::IS^7!-n/£^p-y->^«»1fai2 8^^^tiJ-r65 

[0 0 3 8] z:<Dm2mmBmmmmi^7.7'L.(Dm 

:fp-tr-y+*-2 ift^ertSB/sxg^iiUT^'P'y'?)! 

;ft»1t?fi2 8*^ I /0/\"XP>hP-7 4 8F«g(7)U->'X 
^ 3 3 (Ci9^3-nS„ '5'-<5>'9"1ffB5g^gP3 2tiUv'' 
X^? 3 3 iciSS^tlfc^' P •5'Il;^»ttlfi 2 8 ^1153^* 
L. ^'r5>'?m$B2 9^i^L. ^V^-7i-X<f 

[0 0 3 9] z(D^oicc(Dm2mmwm(Dtmm'yx 

$82 8^U-:>"X^3 31C^^L. ^^ = >-?'1f $85^^93 
3 2tic:OUi/X-5'3 3©^'P-y^ja;SIJttl$B2 8«-iJ! 
LT^ f 5 >-9-1tf8 2 9 ^^figr 5<DT\ ±83^ 1 

as 2 6 6^6 ^7 p ^s-;szaif sfi 2 s *aj:^-^-ricaitra) 

T\ p ^«iiea5 2 6 ^l^nifimmimmt Ltz±T' 

[0 0 4 0] E15^#B,BLT*f«B^lClS-5.M3CD 
IIM^!tlcOI+»«|->XxA^COL^TiJ^0^t-^o El 5 1** 

hP-5 5 8^.T^-rElT-Si>o 
[0 04 1] lI (DS 3 ll)5gffj»|(i±!B^ 1 Sy'S 2 UBS 
flJJgro^ 'T 5 V -^'tf ^gP 3 2 <D{-tto y (C ^! ^ = > 

[0 0 4 2] mmi>Cjjit^5{Z, croi/O/^XPVh 

p-5 5 8tt-r>^»7i-xfi^3g4Si53 1 t^j-rsv 
^^«?Bu-:^x^t 3 4/-ct+r«fi)6*nTi^«o 
[0 0 4 3] zmu. yai:y■*t2^m(D^mmm^ 

V^mtt^t^iai. 7p-b'y+t2 1 ^Mt^<7n-y^m 
$gS|!2 6 lew LT-? P 'y '?Jll;fi?3S(7)SM^*i/T^-r^tD 
T\ ypH2'yy-2 1 li^M-r^'>P'y^^;^li1f$g(7)ffi 

(0ffl^«JCLr7P-b7t^2 1 6^S^< = >^'1ff82 8 

^naju c:a)»ajL/i:^'r5>^'rff82B;&i^s!Mx 

9«aUT I /0/UP>hP-7 5 SW^^'TSV'^lf 
?fi L/->"X^t 3 4 L. -r 5 > •?"1f ^ U->~X ^« 

3 4 lC«J#?tlfcS^ -r 5 > ■^•If SJ 28^'rV'S»7i- 
X«4^5g^g|5 3 1 A^SS9fJA*'. ■O'^i-yx-xmm 

[0 0 4 4] C(DJ;:viZt^CtT:\ d 3 HfifiJ^SI 
©ftS«l->X5^Zxlc<t;ti«; ±IBmill)!SJe<!li:l^»c^ 
28i^tiM#6ti?)i:Wc. I /0/\"x=i> hP-7 5 8C7) 

[0 0 4 5] sfc\ ±sasiisfiffj!g<7)5^icpi^?n*t 
[0046] ±tEmmf&vit. ■i' p -y ^7 «t*ggi5 26^ 
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F«gBIJlci3il. o$yi^3ilLTt.J:t\ 
[0047] $fc^ l/O/UziVhP-^SlCFP- 
DRAM-\f>SRAMl|0;)<tiJ5ffiigSLTK I /OyU 
=1 > h P-T 8 * Zl > h P-7 <!: UT«lfig^1t5 

[0 0 4 8] 5-e>tC. hP-5 1 Uc. I 

/ O / ^"X =1 > h □ - 5 8 *WF L T i: ? iCiSa 
^(D'>P7':7^^f±Tr-y:^^tg^J#/c-a-?.c:<!:T\ 

=1 > h p - 5 8 A^ii)f^*iCij>gi-r s ^ p -v ^'S^Me 
[0 0 4 9] cnitj:*;. •/XT'h^womnnti^is. 

[0050] 

P 7 •J' cDJa;fili1f $fi(7>Sfbtc/J; UT-r -7 1- 

[00 5 1] Ltct^-oT. mpntzyXT^h^wtmrnco 
p ^(Drnmamt. mxummwLm&< intern 

^•n(c^toii-«J^TS*'?p-y^©*'i;>hfiSt,'h 



[EIS(DfSSmGiKB«] 

[0 1 ] :$i^mitm^%^nmi^7.y'h(D±mnmmr 

Bio 

[02] ^^^ummmmnm^y7.7'h<D i /oyup 

V hP-^<OP«3SI5Wfi)c*5^t"iao 

IE 3] m 1 nmnm(Dn*m->7.7'him'^(D i /2 



-ho 



[04] S2||M5»|(7) I /O/UHV hP-50F*gSI5 
^i^iE^^j^-riDo 
[1215] ^BUSSffJ^tD I /0/UP>hP-5c7)F*9SI3 

me] tl£5RcDitg^->XxA^ii^<^^P-:/'?Jll-;^li[ 

[07] ^^<DtfMm'>X7'h^m'^<r>^/2(D<7ay 

ho 

1 0 0 "x/\VXll>hP-5. l -/Ua>hP- 

5. 8 ■■ I /0/\X'1'>'?7i-X=l> hP-5 (1/ 
0AXP>hP-5) . 1 ^■■■<7^'y<7z^yba-'^. 

20 - DRAM. 2 1 -yp-by-y-. 2 5 - KBCont. 




[01] 

0 0 



I ControllBT r ^26 
CLK'— T ^ 



iDttrrupt I 
Cdptrolfer | 



tT -»-LCDp«nel 
■_y •►CRT 

I" 



I/0'^;^3>hD-9 31 
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me] 



ITek 
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"LTL 


-LRJ-LTLfL 


"LTL 








Tl 0 
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DATA- 



